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Rotary Piston Heat Engine System 



The invention relates to a rotary piston heat engine system 
composed of two units each comprising two pistons mounted 
for movement in opposite directions, the pistons being each 
mounted for rotation in a cylinder, wherein the longitudi- 
nal axes of the pistons and cylinder are collinear, and the 
pistons are mounted for movement in opposite directions, 
and a plurality of effective cylinder displacements is 
formed in each case between two radial boundary surfaces of 
the two respective pistons, which execute an angular motion 
relative to each other when the engine is operating, and at 
least one mechanism is provided that superimposes a circu- 
lar motion on the angular motion of the two pistons, and 



each unit comprises a drive shaft for a torque -producing 
device, and heating means, heat storage means and cooling 
means connected to a pipe system are provided, by means of 
which the inlet and outlet ports of the displacements of 

the cylinders of the units are connected to each other. • 

Wankel engines are examples of rotary piston engines. In 
these engines, a piston configured^ with a plurality of 
rounded surfaces is mounted in a cylinder, the inner wall 
of the cylinder not being of circular cross -sect ion but 
comprising a plurality of concave recesses. The combustion 
chambers of this engine are therefore formed in each case 
between the rounded surfaces of the piston and the corre- 
sponding recesses of the cylinder. The main disadvantage of 
the Wankel engine is its complicated construction, which 
requires considerable effort to manufacture. Another prob- 
lem is sealing the engine. Even very small ports lead to a 
reduction in engine performance, to an increase of toxic 
components in the exhaust, and to an increased fuel and oil 
consumption . 

A rotary piston engine of the aforementioned kind is dis- 
closed in DE 197 40 133.3-15. Such a rotary piston engine 
comprises a cylinder displacement or cylinder displacement 
that is greater than that of the Wankel engine and has the 
advantage that its combustion chambers are easy to seal, to 
charge and to discharge, and a large proportion of the ex- 
pansion energy of the combustion gases or the working gases 
is transformed into kinetic energy. 



In addition, so-called Stirling engines are known in the 
prior art. These are heat engines in which at least one 
piston is mounted for reciprocation in a cylinder and is 
moved by gases whose temperature is cyclically altered by 
means of heating means, heat storage means, and cooling 
means. The disadvantages of such engines are heat losses 
due to the cyclic temperature changes of the gases along 
with the difficulty in sealing the gases due to the high 
pressures prevailing in the engine. Furthermore, the useful 
life of such engines is very limited due to the high stress 
and the consequent rapid wear and tear of the engine compo- 
nents. Moreover, the efficiency of the regenerator poses 
physical limitations on the efficiency of most of the Stir- 
ling engines known in the prior art. 

It is an object of the invention to provide a rotary piston 
heat engine system of the aforementioned type based on the 
principle of the Stirling engine such that it is possible 
to adapt it to a number of different operating states, such 
as various temperature and pressure conditions in the cyl- 
inders, thereby expanding the range of possible applica- 
tions for the system. This is equivalent to the task of de- 
veloping a rotary piston heat engine system of the afore- 
mentioned kind wherein the efficiency under a predetermined 
operating condition is increased, i.e., the system of the 
invention enables, on the one hand, more effective opera- 
tion than in the known systems and, on the other hand, ac- 
tive control of the engine performance. 

For a rotary piston engine of the aforementioned kind, this 
object is achieved by providing a compensating device that 



balances the positions of the respective pistons in the two 
units in the event of a possible phase shift in the syn- 
chronization of the two units, in order to effect an opti- 
mal phase response . 

Preferred embodiments of the invention are the subject mat- 
ter of the subordinate claims. 

In the rotary piston heat engine system of the invention, 
the fact that a compensating device is provided that ef- 
fects a position compensation of the respective pistons of 
the two units in the event of a phase shift occurring in 
the synchronization of the two units in order to effect an 
optimal phase response, means that a device is provided in 
which an anti-torque balance between the two units is made 
possible via a phase shift of the synchronization of the 
two units. Furthermore, the system of the invention has the 
important advantage over the prior art that, in a predeter- 
mined manner, a discretionary positioning of the angle of 
rotation of a respective piston in the units is possible, 
in order to optimize the efficiency or the performance of 
the engine system. 

In the following, the construction and function of the ro- 
tary piston heat engine system of the invention is ex- 
plained, followed by an explanation of the construction and 
function of the compensating device claimed. 

The engine of the invention has a more simple construction 
than conventional Stirling motors. Parts such as valves, 
camshafts, or crankshafts are not needed to control the 
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timing gear wheel. All major components of the engine have 
cylindrical surfaces that are easy to grind and that can be 
easily and economically produced with great precision. 
Sealing the engine likewise presents no problems. An almost 
perfect seal can be achieved with standard sealing ele- 
ments. It is thus possible to reduce production costs con- 
siderably. Other advantages of the engine are its compact 
dimensions, and an especially effective design of a regen- 
erator, of the gas flow and of the possibilities of optimi- 
zation via alterations in stroke speed, and specific se- 
quence interferences . 

The engine of the invention is a cyclically-operating, ro- 
tary piston engine that can be selectively equipped with a 
plurality of working chambers . 

According to a preferred embodiment of the rotary piston 
engine of the invention, two units comprising pistons, cyl- 
inders and cylinder end faces are connected to each other 
by a control mechanism. 

In each unit of the engine of the invention, there are 
preferably two pistons, each provided with two piston 
vanes, wherein four working chambers are formed between the 
respective boundary surfaces of the total of four piston 
vanes of each unit, and four double working processes take 
place during one revolution of the working shaft. 

In the engine of the invention, different weights of the 
pistons are preferably compensated for by cut-outs and/or 
additional weights on the pistons and/or the gear wheels. 
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This reduces the operating noise of the engine as well as 
the stress on the components. 

In the rotary piston heat engine of the invention, the axle 
of one piston in each unit is preferably embodied as a 
solid rod and the axle of the other piston in each unit is 
embodied as a hollow rod, the inside diameter of the hollow 
rod being dimensioned so that the solid rod of the one pis- 
ton is collinearly aligned therewith and mounted for dis- 
placement therein. This results in a simple and robust way 
of producing mutual displaceability of the two pistons with 
collinear axles. 

The mechanism for superimposing a circular motion on the 
angular motion (approximately 60 ^) of the pistons prefera- 
bly comprises six oval gear wheels, the principal axes of 
the gear wheels being disposed one above the other in 
pairs. In each case there are preferably two superposed 
oval gear wheels allocated to each cylinder, and the two 
other superposed oval gear wheels are allocated to a work- 
ing shaft for outputting the engine power. In each case, 
the four oval gear wheels of the cylinder are thus con- 
nected to corresponding oval gear wheels on the output 
shaft, the corresponding oval gear wheels in each case be- 
ing mounted perpendicularly thereon. It is especially ad- 
vantageous if the axle of one of the pistons is connected 
to a first oval gear wheel and the axle of the other piston 
is connected to a second oval gear wheel, the oval gear 
wheels being disposed collinearly with their principal axes 
being superposed. The first and second oval gear wheels are 
preferably connected to each other via third and fourth 
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oval gear wheels, wherein the third and fourth oval gear 
wheels are collinearly mounted on an axle, the principal 
axes of the third and fourth oval gear wheels being super- 
posed . 

A plurality of inlet and outlet ports is preferably allo- 
cated to each of the units . 

The two cylinders of the engine of the invention preferably 
comprise differently dimensioned and differently disposed 
cylinder wall sections between the respective inlet and 
outlet ports. In a first cylinder of the engine of the in- 
vention, a cylinder wall encompassing only a few angular °s 
is preferably provided between a first inlet port of a pair 
of inlet ports and a first adjacent outlet port of a pair 
of outlet ports, and a cylinder wall encompassing approxi- 
mately 60 angular °s is provided between the same inlet 
port of the pair of inlet ports and another outlet port of 
the pair of outlet ports. 

Furthermore, in a second cylinder of the engine of the in- 
vention, a cylinder wall encompassing approximately 3 0 an- 
gular *^s is preferably provided between a first inlet port 
of a pair of inlet ports and a first adjacent outlet port 
of a pair of outlet ports, and a cylinder wall likewise en- 
compassing approximately 3 0 angular °s is provided between 
the same inlet port of the pair of inlet ports and another 
outlet port of the pair of outlet ports. 

The asymmetry between the inlet and outlet ports of the 
first cylinder and the second cylinder in the engine of the 
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invention results in timely transport of the working gas 
from one cylinder to the other. This process generates the 
work output of the engine . 

The respective angular position of the ports is preferably 
such that in each case it coincides with the position of 
the respective combustion chamber, the combustion chamber 
being formed by the respective boundary surfaces of the re- 
spective sections of the piston vanes, in order to effect 
timely charging and discharging of the working chambers. 

The boundary surfaces of the cylinders are in each case 
preferably aligned in a straight line, the adjacent parts 
of opposing piston boundary surfaces being equally spaced 
from each other. 

The straight-line configuration of the inlet port and the 
outlet port, in conjunction with the straight -line configu- 
ration of the piston boundary surfaces, effects an angular 
motion of the pistons within the cylinder, wherein the re- 
spective working chambers expand in such a way that the 
first piston in a first stroke swings forward by approxi- 
mately 60 ®, and the second piston pivots swings forward by 
approximately 120 °, whereupon in a second stroke the first 
piston swings forward by approximately 12 0 ° and the second 
piston swings forward by approximately 60 ° . 

This swinging behavior is accompanied by a configuration of 
the respective first and second oval gear wheels in which 
the ratio of the length of the longitudinal axis to the 
length of the transverse axis of each one of the gear 
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wheels is approximately 1.7 : 1. Alternatively, it is pos- 
sible for one pair of gear wheels to have a circular con- 
figuration and to compensate for this by providing the 
other pair of gear wheels with an approximately 3.5 : 1 ra- 
tio of the length of the longitudinal axis to the length of 
the transverse axis. 

When it is desired to alter the angular stroke range, it is 
necessary to change the elliptical configuration of the 
gear wheels, as well as to adjust the inlet and outlet 
ports to the piston boundary surfaces. 

In the engine of the invention, the first and second oval 
gear wheels are in each case connected to each other by 
means of third and fourth oval gear wheels, the third and 
fourth gear wheels being collinearly mounted on an axle 
with their principal axes being superposed. 

In the engine of the invention, the piston boundary sur- 
faces exhibit a straight-line configuration so that in each 
case adjacent components of opposing piston boundary sur- 
faces are equally spaced from each other. 

In the engine of the invention, the respective angular po- 
sition of the inlet ports is preferably such that it coin- 
cides with the position of the respective cylinder dis- 
placement, the displacement being formed by the respective 
boundary surfaces of the respective sections of the piston 
vanes, in order to effect timely charging of the working 
chambers . 
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In the ' engine of the invention, the respective angular po- 
sition of the outlet ports is preferably disposed such that 
it in each case coincides with the position of the respec- 
tive cylinder displacement, the displacement being formed 
by the respective boundary surfaces of the respective sec- 
tions of the piston vanes, in order to effect timely dis- 
charge of the working chambers . 

In the engine of the invention, for example, the four pis- 
tons mounted for movement in opposite directions are pref- 
erably mounted for rotation in two different cylinders. 

In the engine of the invention, it is advantageous to pro- 
vide a by-pass pipe between a hot pipe and a cold pipe in 
order to produce an effective and rapid decrease or in- 
crease in output corresponding to a decrease or increase in 
power of the engine, the by-pass pipe being activated or 
deactivated by a valve mechanism. 

According to another preferred embodiment of the engine of 
the invention, a pipe connection between the cylinder dis- 
placements is embodied as a dual circuit system. 

The hot pipe and the cold pipe of the pipe system can be 
embodied as separate units in the engine of the invention. 

The engine of the invention can be designed as a valve - 
controlled Stirling engine, without additional components. 

In the engine of the invention, the working gas preferably 
always flows in the same direction in any one pipe section. 
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The engine of the invention can be used as a heat pump when 
it is supplied with mechanical energy. 

Furthermore, the engine of the invention can also be used 
as a refrigerating machine when it is supplied with me- 
chanical energy. 

The engine of the invention can also be used as a Vuil- 
leumier cycle machine. 

The design and function of preferred embodiments of the 
compensating device of the invention are explained below. 

According to a first preferred embodiment of the system of 
the invention, the compensating device can be adjusted dis- 
cretely. The advantage of this is that a phase change of 
the respective pistons of the two units can be realized us- 
ing simple structural means. To do so, the compensating de- 
vice can, for example, be embodied as a toothed belt guided 
around the shafts of the two units, the belt being mounted 
for displacement by one or more teeth to effect compensa- 
tion. 

The compensating device is preferably embodied as an an- 
choring system, in which the respective drive shafts driv- 
ing one of the torque -producing devices of the units are 
mounted in various fixed positions, wherein in each of the 
positions, the gear wheels of the torque -producing device 
mesh with the corresponding gear wheels on the shafts. The 
anchoring mechanism is preferably embodied as a gearbox or 
a retainer plate, in which the respective drive shafts 
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driving one of the torque -producing devices of the units 
are mounted in various fixed positions, wherein, in each of 
the positions, the gear wheels of the torque -producing de- 
vice mesh with the corresponding gear wheels on the shafts. 

The respective drive shafts driving one of the torque- 
producing devices of the units are preferably aligned rela- 
tive to each other at a fixed angle of 135 ° or 125 , 
wherein a respective bore hole A, A' or B, B' is allocated 
to each shaft for each of the angular configurations , 

According to a second preferred embodiment of the system of 
the invention, the compensating device can be adjusted con- 
tinuously. This enables a very rapid phase alteration of 
the respective pistons of the two units and a corresponding 
change in output of the system of the invention. Further- 
more, engine braking is possible as a result, in that a 
sufficiently large mis -phase displacement is induced by 
means of a controllable adjustment system. 

In this embodiment, the compensating device is preferably 
embodied as two displaceable rollers disposed between the 
two torque -producing devices of the two units and driveably 
connected via a toothed belt to the torque -producing de- 
vices, wherein the displaceable rollers are reciprocately 
displaceable in mutually variable spacings in a direction 
normal to the line of connection of the torque-producing 
devices. The two displaceable rollers can be embodied, in 
particular, as excentric rollers. 
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It is preferable that a first inlet port of a diametrically 
opposed first pair of inlet ports of a first cylinder and a 
first outlet port of a diametrically opposed first pair of 
outlet ports of the first cylinder are at a distance of 
from 1 ° to 5 ° from each other and a second inlet port of 
the diametrically opposed first pair of inlet ports and a 
second outlet port of the diametrically opposed first pair 
of outlet ports are separated from each other by an angle 
of approximately 55 ° to 95 ° . This enables the system of 
the invention to operate with optimum energy efficiency. 

It is especially preferable if a first inlet port of the 
first diametrically opposed first pair of inlet ports and a 
first outlet port of the first diametrically opposed first 
pair of outlet ports are separated from each other by 4 ^ . 

It is likewise especially preferable if a second inlet port 
of the first diametrically opposed first pair of inlet 
ports and a second outlet port of the first diametrically 
opposed first pair of outlet ports are separated from each 
other by an angle of 77 ° . 

It is likewise preferable if a first inlet port of a dia- 
metrically opposed second pair of inlet ports of a second 
cylinder and a first outlet port of a diametrically opposed 
second pair of outlet ports of the second cylinder are 
separated from each other by an angle of approximately 2 5 ° 
to 45 ° and a second inlet port of the diametrically op- 
posed second pair of inlet ports and a second outlet port 
of the diametrically opposed second pair of outlet ports 
are separated from each other by an angle of approximately 
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30 ° to 60 °, in order to enable the system of the inven- 
tion to operate with optimum energy efficiency. 

It is especially preferable if a first inlet port of the 
diametrically opposed second pair of inlet ports and a 
first outlet port of the diametrically opposed second pair 
of outlet ports are separated from each other by an angle 
of approximately 34 ° . 

It is likewise particularly preferable if a second inlet 
port of the diametrically opposed second pair of inlet 
ports and a second outlet port of the' diametrically opposed 
second pair of outlet ports are separated from each other 
by an angle of approximately 47 °. 

According to an important preferred embodiment of the sys- 
tem of the invention, all inlet ports and outlet ports are 
disposed in the cylinder head of a given cylinder. 

According to another preferred embodiment of the system of 
the invention, the two units are disposed such that a part 
of the mechanism from which the torque of the rotary piston 
engine is output ted is driven by both units, and a heating 
system, a heat storage system and a cooling system in con- 
junction with a pipe system are provided, via which pipe 
system the inlet ports and outlet ports of the cylinder 
displacements of at least one of the cylinders of the units 
are connected to each other. 

The rotary piston heat engine system of the invention is 
especially suitable for use as a heat pump or a refrigerat- 
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ing unit when rotational energy is supplied to the torque- 
producing devices • 

The rotary piston heat engine system of the invention is 
explained below with reference to preferred embodiments 
shown in the figures of the drawings, in which : 



Fig. 1 is a cross sectional view of a preferred embodi- 
ment of the rotary piston heat engine system of 
the invention, including heat exchangers and pipe 
connections, in a first operating position. 

Fig. la shows the embodiment of the rotary piston heat 

engine system of the invention shown in Fig. 1 in 
another operating position, also in a cross sec- 
tional view; 

Fig. 2 is a partially cut-away oblique top view of the 

cylinders of the rotary piston heat engine system 
shown in Fig. 1; 

Fig. 2a is an oblique bottom view of a first piston half 

of a cylinder of the rotary piston heat engine 
system shown in Fig. 1; 

Fig. 2b is an oblique top view of a second piston half of 

a cylinder of the rotary piston heat engine sys- 
tem shown in Fig . 1 ; 

Fig- 3 is a functional block diagram of the rotary pis- 
ton heat engine device shown in Fig. 1; 

Fig. 4 is a cross sectional view of another improved em- 
bodiment of the rotary piston heat engine system 
of the invention in a first operating position; 
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Fig. 4a is a cross sectional view of the rotary piston 

heat engine system of the invention shown in Fig- 
ure 4 in another operating positions- 
Fig. 5 shows the two cylinders of a rotary piston heat 

engine system of the invention according to Fig. 
1 or Fig. 4, in a cross sectional view, wherein 
the relative position of the piston shafts and 
the torque -producing device can be discerned; 
Fig. 6 shows a table with attachments 1 to 4, from which 

the changes in state of the working gas during a 
stroke cycle of the engine system can be dis- 
cerned . 

Fig. 7 shows a first attachment to the Table shown in 

Figure 6 for clarification of the timing of a 
working gas ; 

Fig. 8 shows another attachment to the table shown in 

Figure 6 for clarification of the timing of a 
working gas; 

Fig. 9 shows another attachment to the table shown in 

Figure 6 for clarification of the timing of a 
working gas; 

Fig. 10 shows an attachment to the table shown in Figure 

6 for clarification of the timing of a working 
gas . 

Fig. 11 is a rear view of a first preferred embodiment of 

a discrete adjustment system of the rotary piston 
heat engine system of the invention. 

Fig. 12 is an oblique front view of a second preferred 

embodiment of a discrete adjustment system of the 
rotary piston heat engine system of the inven- 
tion; note shaft 5; 
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Fig. 12A is a rear view of the shafts of the preferred em- 
bodiment of the discrete adjustment system of the 
rotary piston heat engine system of the invention 
shown in Fig. 12; note shaft 5. 
Fig. 13 is a rear view of a first preferred embodiment of 

a continuous adjustment system of the rotary pis- 
ton heat engine system of the invention. 
Fig. 14 is a view, drawn in the direction of the arrow P 

in Figure 13, of the cylinder heads including 
inlet ports and outlet ports of a first cylinder 
of the rotary piston heat engine system of the 
inventions- 
Fig. 14A is a cross sectional view of the cylinder heads 

including inlet ports and outlet ports of the 
first cylinder of the rotary piston heat engine 
system of the invention. 
Fig. 14B is a view, drawn in the direction of the arrow P 

in Figure 13, of the cylinder heads including 
inlet ports and outlet ports of the first cylin- 
der of the rotary piston heat engine system of 
the invention; 

Fig. 15 is a view, shown in the direction indicated by 

the arrow P in Figure 13, of the cylinder heads 
including inlet ports and outlet ports of a sec- 
ond cylinder of the rotary piston heat engine 
system of the invention; 

Fig. 15A is a cross sectional view of the cylinder heads 

including inlet ports and outlet ports of the 
second cylinder of the rotary piston heat engine 
system of the invention; 
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Fig. 15B is a view, shown in the direction of the arrow P 

in Figure 13, of the cylinder heads including 
inlet ports and outlet ports of the second cylin- 
der of the rotary piston heat engine system of 
the invention; 

Fig. 16 is a cross sectional view of a temperature unit 

TA of the preferred embodiment shown in Figure 11 
of a discrete adjustment system of the rotary 
piston heat engine system of the inventions- 
Fig . 17 is an oblique rear view of the units I and II in- 
cluding the compensating device (belt 12 0 includ- 
ing belt wheels 32, 32') of the preferred embodi- 
ment shown in Figure 11 of a discrete adjustment 
system of the rotary piston heat engine system of 
the inventions- 
Fig . 18 is a front view of the units I and II, with their 

respective temperature units TA and TB thermally 
coupled to each other, of the preferred embodi- 
ment shown in Figure 11 of a discrete adjustment 
system of the rotary piston heat engine system of 
the inventions- 
Fig. 18a is a top view of the units I and II, with their 

respective temperature units TA and TB thermally 
coupled to each other, of the preferred embodi- 
ment shown in Figure 11 of a discrete adjustment 
system of the rotary piston heat engine system of 
the invention; 
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Fig. 18b is a side view of the units I and II, with their 

respective temperature units TA and TB thermally 
coupled to each other, of the preferred embodi- 
ment shown in Figure 11 of a discrete adjustment 
system of the rotary piston heat engine system of 
the inventions- 
Fig . 19 is an exploded view of a unit II of the tempera- 
ture unit TB of a discrete adjustment system of 
the rotary piston heat engine system of the in- 
vention; 

Fig. 2 0 is an oblique top view of a unit I of a tempera- 
ture unit TA of a discrete adjustment system of 
the rotary piston heat engine -system of the in- 
vention . 



In the rotary piston heat engine system 100 of the inven- 
tion shown in Figures 1 to 10, two pistons 1, 2 are rotata- 
bly mounted in a cylinder 3, wherein the axes of symmetry 
14, 15 of the piston 1, the piston 2 and the cylinder 3 are 
collinearly aligned. The axle 6 of one of the pistons 1 is 
formed as a solid rod 6, and the axle 7 of the other of the 
pistons 2 is formed as a hollow rod 7, whose internal di- 
ameter is dimensioned such that the solid rod 6 is mounted 
for rotation within the hollow rod 7. The pistons 1, 2 each 
comprise boundary surfaces 10, 20, adjacent parts of the 
opposing boundary surfaces 10, 20 being spaced at equal in- 
tervals- A plurality of effective cylinder displacements 8, 
9, 11, 12 is formed between the respective boundary sur- 
faces 10, 20, the cylinder displacements being delimited on 
the outside by the cylinder 3 and at the ends by a cylinder 
head 33 and a cover plate 30. 
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Furthermore, the two pistons 1', 2' are mounted for rota- 
tion in a cylinder 3' in the rotary piston heat engine sys- 
tem 100 of the invention shown in Figures 1 to 6 , wherein 
the axes of symmetry 14', 15' of the piston 1', the piston 
2' and the cylinder 3' are collinearly aligned. The axle 6' 
of one of the pistons 1' is embodied as a solid rod 6', and 
the axle 7' of the other of the pistons 2' is en^Dodied as a 
hollow rod 7' whose internal diameter is dimensioned such 
that the solid rod 6' is mounted for rotation within the 
hollow rod 7'. The pistons 1', 2' comprise in each case 
boundary surfaces 10', 20' wherein equal spacings are pro- 
vided in each case between adjacent parts of the opposing 
boundary surfaces 10', 20'. A plurality of effective cylin- 
der displacements 8', 9', 11' , 12' is formed between the 
respective boundary surfaces 10', 20', the cylinder dis- 
placements being delimited on the outside by the cylinder 
3' and at their ends by the cylinder head 33' and the cover 
plate 30' . 

The two cylinders of the engine system of the invention 
have differently dimensioned and differently aligned cylin- 
der wall sections between the respective inlet and outlet 
ports. In a first cylinder of the engine of the invention, 
a cylinder wall encompassing only a few angular °s is pro- 
vided between a first inlet port of a pair of inlet ports 
and a first adjacent outlet port of a pair of outlet ports, 
and a cylinder wall encompassing about 60 angular °s is 
provided between the same inlet port of the pair of inlet 
ports and another outlet port of the pair of outlet ports. 
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In a second cylinder of the engine system of the invention, 
a cylinder wall encompassing only about 30 angular °s is 
provided between a first inlet port of a pair of inlet 
ports and a first adjacent outlet port of a pair of outlet 
ports, and a cylinder wall likewise encompassing about 3 0 
angular °s is provided between the same inlet port of the 
pair of inlet ports and another outlet port of the pair of 
outlet ports. 

The asymmetry between the inlet and outlet ports of the 
first cylinder and the second cylinder effect a timely 
transport of the working gas from one cylinder to the other 
so that the engine is able to deliver a work output. 

A mechanism 110 shown in Figure 2 superimposes a circular 
motion on the angular motion of the pistons 1, 2 and of the 
pistons 1', 2' in the rotary piston heat engine system 100 
of the invention. 

The mechanism 110 comprises six oval gear wheels 101, 102, 
103, 104, 101' and 104' whose principal axes 111, 112, 113, 
114, 111' and 114' are vertically superposed in pairs. In 
the mechanism 110, the axle 7 of the other piston 2 is con- 
nected to a first oval gear wheel 101, and the axle 6 of 
one of the pistons 1 is connected to a second oval gear 
wheel 104, which oval gear wheels 101, 104 are col linearly 
aligned and the principal axes 111, 114 of the oval gear 
wheels 101, 104 are vertically superposed. The first oval 
gear wheel 101 and the second oval gear wheel 104 are con- 
nected to each other via a third oval gear wheel 102 and a 
fourth oval gear wheel 103, the gear wheels 102 and 103 be- 
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ing collinearly disposed on a shaft 5, while the respective 
principal axes 112, 113 of the gear wheels 102, 103 are 
vertically superposed. 

Furthermore, in the mechanism 110, the axle 7' of the other 
piston 2' is connected to a first oval gear wheel 101', and 
the axle 6 of one of the pistons 1 is connected to a second 
oval gear wheel 104', which oval gear wheels 101', 104' are 
collinearly aligned and the principal axes 111', 114' of 
the oval gear wheels 101', 104' are vertically superposed. 
The first oval gear wheel 101 and the second oval gear 
wheel 104 are connected to each other via a third oval gear 
wheel 102 and a fourth oval gear wheel 103, which gear 
wheels 102 and 103 are collinearly aligned on a shaft 5, 
while the respective principal axes 112, 113 of the gear 
wheels 102, 103 are vertically superposed. 

The gear wheels 102 and 103 and the shafts 5', 5'' of the 
two units (cylinders 3 and 3') are operated in such a con- 
figuration. The aforementioned shaft 5 is shown in two 
separate temperature units, and is therefore designated as 
shaft 5' in a first temperature unit and as shaft 5'' in a 
second temperature unit . 

Such an arrangement applies, for example, to a construction 
such as is shown in Figures 3, 12 and 12a. 

Another type of construction is shown in Figures 11, 13 and 
16 to 18b. Herein, eight non-circular gear wheels (101, 
102, 103, 104, 101', 102', 103', 104') embodied as oval 
gear wheels are linked to each other via the shafts 5' and 
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5'' as well as a connecting member (clutch, toothed belts, 
chain, or the like) . 

The oval gear wheels 101 to 104 as well as 101' to 104' 
have a 1-7 : 1 ratio of the length of their longitudinal 
axes to that of their transverse axes . 

During operation of the rotary piston heat engine system 
100 of the invention, expansion of a heated working gas, 
for example in the cylinder displacement 9 of the cylinder 
3, causes the pistons 1, 2 to move away from each other. 
The oval gear wheel 101 connected to the axle 7 of the pis- 
ton 2 moves in the direction of the arrow shown on its sur- 
face in Fig. 2. In the starting position shown in Fig. 2, 
rotation of the gear wheel 104 through a small angular de- 
flection effects a relatively large angular deflection of 
the gear wheel 103 disposed on the shaft 5. The gear wheel 
102 likewise disposed on the shaft 5 transfers this motion 
to the gear wheel 101 thus producing another increase of 
the angular deflection of the axle 7 of the piston 2. 

The variable, fluctuating local force transfer of the gear 
wheels 101 and 104 respectively superimposes a circular mo- 
tion on the angular motion of the pistons 1, 2. The working 
shaft 5 rotates at the mean rotary speed of the two pistons 
1 and 2 . The rotational energy of the engine is outputtable 
at a constant angular velocity on the extension of the 
working shaft 5 or 5' or 5''. The rotational energy of the 
engine showing a four- fold change in angular velocity per 
revolution is outputtable at the extension of the shaft 6, 
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as is desirable, for example, for the operation of compres- 
sors . 

The same applies to the unit comprising the cylinder 3'. 

Figures 1 and la show an embodiment of the engine system of 
the invention in which two cylinders 3, 3' with their re- 
spective piston pairs 1, 2 and 1', 2' are coupled to each 
other via a corresponding pipe system 201, 201', 202, 202', 
203, 203' and 204, 204', respectively, via a heater 300, a 
cooler 400 and a regenerator or heat exchanger 200. 

At the beginning of a work cycle, heated working gas flows 
from the heater 300 via the pipe system 202, 202' into the 
inlet ports 13 0, 13 0' of the cylinder 3. The hot working 
gas then flows into the space between the pistons 1, 2, 
whereby the pistons are forced apart. This compresses the 
space between the piston surfaces of the pistons 1, 2, 
which are located in the proximity of the outlet ports 140, 
140 of the cylinder 3, causing the working gas therein to 
escape via the pipe system 203, 203'. Via the pipe system 
203, 203', the working gas expelled from the cylinder 3 
passes into the pipe system 2 04, 2 04' of the cylinder 3 via 
a heat exchanger 2 00, to which it dissipates its heat, and 
via a cooler 400, on which it is further cooled. 

From the pipe system 204, 204', the now cooled working gas 
enters, via the inlet ports 131, 131' of the cylinder 3, 
the spaces between the pistons 1 and 2 located in the prox- 
imity of the inlet ports, and the spaces between the pis- 
tons are expanded, and the spaces flanking each of the op- 
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posing piston surfaces of the pistons 1, 2 are compressed, 
causing the working gas located therein to be forced, via 
the outlet ports 141, 141', out of the cylinder 3 into the 
pipe system 201, 201. Via the pipe system 201, 201, the 
working gas flows further through the regenerator or the 
heat exchanger 200, where it acquires heat from the working 
gas that is flowing through the heat exchanger 2 00 via the 
pipe system 203, 203' . 

After exiting the heat exchanger 200, the now heated work- 
ing gas coming from the pipe system 201, 201' flows on 
through a heater 3 00, in which it is further heated- From 
there it flows into the pipe system 202, 202', whence the 
cycle is repeated- 

In the Stirling engine of the invention shown in Figs- 4 
and 4a, two cylinders 3, 3' are coupled together via a cor- 
responding pipe system via two heaters 300 and 300', two 
regenerators or heat exchangers 2 00, 2 00' and two coolers 
4 00 and 400' , respectively. 

At the beginning of a rotation cycle of this engine, heated 
working gas flows from the respective heaters 300, 300' via 
the respective pipes 202, 202' into the inlet port 130, 
130' of the cylinder 3- Via the inlet ports 130, 130', the 
hot working gas enters the spaces between the pistons 1, 2 
located under the ports, forcing the pistons apart, and 
thereby compressing the spaces formed in each case between 
the pistons 1, 2 by the opposing piston surfaces 10, 20, 
and forcing the working gas located therein into the re- 



26 



spective pipes 203, 203' via the outlet ports 140, 140', 
respectively . 

The working gas forced into the pipe 2 03 enters the pipe 
204 via the regenerator 200 and the cooler 400, respec- 
tively, the pipe 2 04 opening into the inlet port 131 of the 
cylinder 3, and the working gas forced into the pipe 203' 
enters the pipe 204' via the regenerator 200' and the 
cooler 400', the pipe 204' opening into the inlet port 
131' . The working gas entering the inlet port 131' of the 
cylinder 3' has consequently dissipated part of its heat to 
the regenerator 2 00 and it is then further cooled by the 
cooler 400, so that it is present at the inlet port 131 
with a substantially reduced temperature compared with the 
pipe 2 03 . 

The working gas present at the inlet port 131' has dissi- 
pated a large portion of its heat to the regenerator 200' 
and is then further cooled by the cooler 400', so that it 
is present at the inlet port 131' of the cylinder 3' in a 
substantially cooled state compared with the pipe 203'. Via 
the inlet ports 131, 131' of the cylinder 3', cold working 
gas consequently enters the spaces between the pistons 1' 
and 2' located under the inlet ports, wherein the spaces 
between the pistons are expanded, and the spaces located 
under the outlet ports 141, 141' of the cylinder 3' and 
formed in each case by the opposing piston surfaces 10', 
20' of the pistons 1', 2' are compressed. The compression 
of the spaces between the pistons forces the working gases 
therein into the pipe 201 or into the pipe 2 01' via the 
outlet ports 141, 141', respectively. 
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The working gas in the pipe 2 01 is first preheated by the 
regenerator 200 and then heated by the heater 3 00, whence 
it enters the pipe 2 02, The working gas in the pipe 2 01' is 
first preheated by the regenerator 2 00' and then heated by 
the heater 300', whence it enters the pipe 202'. The cycle 
described above is then repeated. 

The sequence of operations of the engine systems of the in- 
vention shown in Fig. 1 and in Fig. la and Fig. 4 is iden- 
tical. In principle, the working gas in the pipe system and 
the cylinders passes through four changes of state, which 
are determined by corresponding duty cycles of the pistons 
of the cylinders 3, 3' respectively. 

In a first work cycle of the engine of the invention, work- 
ing gas is compressed in the respective spaces between the 
pistons 1, 2, 1', 2' of the cylinders 3, 3' by a mutual ad- 
vance of the respective pistons. 

In a second work cycle of the engine of the invention, the 
working gas thus heated, which is forced via the outlet 
port 141 of the cylinder 3 into the pipe 201 and via the 
outlet port 141' of the cylinder 3' into the pipe 201', re- 
spectively, is further heated by the regenerators 200 and 
200' and the heaters 300 and 300', respectively, whereby 
the pressure prevailing in the working gas is further in- 
creased- The overall pressure of the working gas in the en- 
tire pipe system is thus at its maximum in the pipe 202 
rearward of the heater 300 or in the pipe 202' rearward of 
the heater 3 00' . 
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Highly pressurized working gas thus enters the cylinder 3 
via the inlet ports 13 0, 13 0' and enters corresponding 
spaces between the pistons 1, 2 and forces the pistons 
apart under high pressure. This corresponds to a third op- 
erating cycle of the engine of the invention. In this oper- 
ating cycle of the engine of the invention, the thermal en- 
ergy of the working gas is transformed into rotational en- 
ergy for the pistons by forcing apart the spaces between 
the pistons 1, 2 of the cylinder 3. In doing so, the work- 
ing gas cools in a third change of state. 

In a fourth operating cycle of the engine of the invention, 
the working gas thus decompressed is forced out of the cyl- 
inder 3 via the outlet ports 140, 140', while .the corre- 
sponding spaces between the pistons 1, 2 are compressed due 
to an expansion of the spaces between the pistons that fol- 
low in the direction of rotation of the engine. The working 
gas then undergoes a fourth change of state, wherein it is 
further cooled by the regenerators 20 0 and 20 0' and the 
coolers 400 and 400', so that it is present in the pipes 
204 and 204', respectively, in a highly cooled state. 

The working gas is further compressed at the time of entry 
into the inlet ports 204' and 204 and after entry into the 
inlet ports 204 and 204', respectively . 

The state of the working gas, in terms of its pressure and 
temperature, is concisely summarized in Table 1. 

A by-pass pipe between a hot pipe and a cold pipe of the 
engine of the invention can be activated or deactivated via 
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a valve in order to effect a rapid decrease or increase in 
performance corresponding to a decrease or increase in the 
power produced by the engine of the invention. 

Fig. 2 and Fig. 5 show a schematic illustration of the spa- 
tial alignment of the shafts 6, 7 and 6', 7' or axes of the 
cylinders 3, 3', respectively, and the working shaft 105 of 
the engine of the invention. To achieve a timely transport 
of the working gas from one cylinder to the other such that 
the engine of the invention delivers a work output, the 
axes of the two cylinders are aligned so that they form an 
isosceles triangle with the axis of the working shaft, from 
which the engine output is outputtable, and wherein the an- 
gle between the legs of the triangle measures approximately 
135 ° and the angle of the hypotenuse and one of the legs 
measures approximately 22.5 ° . 

The construction and the function of the compensating de- 
vice of the invention is shown in Figures 11 to 20. 

In the preferred embodiment of the system of the invention 
shown in Figures 11 to 12A, the compensating device can be 
discretely adjusted. 

As shown in Figures 1 and lA, the compensating device 
herein is formed by a toothed belt allocated to the shafts 
of the two units, which belt is mounted for displacement by 
one or more teeth in order to effect compensation. 

As shown in Figure 2, the compensating device is formed by 
an anchoring device in which the respective drive shafts 
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for a torque -producing device of the units are stably 
mounted in various positions, wherein in each of the posi- 
tions, the gear wheels of the torque -producing device mesh 
with the corresponding gear wheels on the shafts. 

The anchoring device is in turn formed by a gear gearbox in 
which the respective drive shafts for a torque -producing 
device of the units are stably mounted in various posi- 
tions, wherein in each of the positions, the gear wheels of 
the torque -producing device mesh with the corresponding 
gear wheels on the shaft. 

As shown in Figures 12 and 12A, the respective drive shafts 
for a torque -producing device of the units are aligned 
relative to each other at a fixed angle of 135 °, wherein a 
corresponding bore hole A, A' is allocated to each shaft 
for each of these angular alignments. The bore holes B, B' 
correspond to another angle, which in this case is 12 0 °. 

In the preferred embodiment of the system of the invention 
shown in Figures 13 to 15A, the compensating device is con- 
tinuously adjustable . 

The compensating device here is formed by two displaceable 
rollers disposed between the two torque -producing devices 
of the two units and driveably connected via a toothed belt 
to the torque -producing devices, wherein the displaceable 
rollers are reciprocately displaceable in mutually alter- 
able spacings in a direction perpendicular to the line of 
connection of the torque -producing devices. 



31 



As shown in Figure 14, a first inlet port of a diametri- 
cally opposed first pair of inlet ports of a first cylinder 
and a first outlet port of a diametrically opposed first 
pair of outlet ports of the first cylinder are 4 ^ apart 
from each other, and a second inlet port of the diametri- 
cally opposed first pair of inlet ports and a second outlet 
port of the diametrically opposed first pair of outlet 
ports are apart from each other at an angular separation of 
approximately 77 ^ . 

As shown in Figure 14A, a first inlet port of a diametri- 
cally opposed second pair of inlet ports of a second cylin- 
der and a first outlet port of a diametrically opposed sec- 
ond pair of outlet ports of the second cylinder are apart 
from each other at an angular separation of 35 °, and a 
second inlet port of the diametrically opposed second pair 
of inlet ports and a second outlet port of the diametri- 
cally opposed second pair of outlet ports are apart from 
each other at an angular separation of approximately 47 ° . 

All inlet ports and outlet ports are configured in the cyl- 
inder head of a respective cylinder. 

The two units are so disposed that a part of the mechanism 
from which the torque of the rotary piston engine is out- 
puttable, is driven by both units, wherein heating means, a 
heat storage means and cooling means connected to a pipe 
system are provided, the inlet ports and the outlet ports 
of the cylinder displacements of at least one of the cylin- 
ders of the units being connected to each other via the 
pipe system. 
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Figure 16 is a cross sectional view of a temperature unit 
TA of the preferred embodiment of a discrete-adjusting 
mechanism of the rotary piston heat engine system of the 
invention comprising two corresponding temperature units 
TA, TB. The unit comprises four oval gear wheels, namely 
the intermeshing oval gear wheels 103, 104 and also the in- 
termeshing oval gear wheels 101, 102. The shaft 6 forms an 
integral part of the piston 1. The oval gear wheels 102 and 
103 are disposed on a shaft 5' . The oval gear wheel 101 is 
non-rotatably connected to the piston 2, and the oval gear 
wheel 104 is non-rotatably connected to the piston 1 via 
the shaft 6. The respective pistons are shown in detail in 
Figures 2a and 2b. The gear wheels 101, 102, 103 and 104 
are housed in a gearbox 2 8 in such a way that the gear 
wheels mesh with each other, and the gear wheels 101' , 
102', 103' and 104' are likewise housed in a gearbox 28' in 
such a way that the gear wheels mesh with each other. 

The work sequence in this case corresponds to that shown in 
Figures 1 to 10, excluding Figure 2. 

Fig. 17 is a rear oblique view of the units I and II, in- 
cluding the compensating device embodied as a belt 12 0 and 
including belt wheels 32, 32, of the preferred embodiment 
shown in Figure 11 of the discretely adjusting mechanism of 
the rotary piston heat engine system of the invention, and 
Fig. 18 is a front view of the units I and II with their 
respective temperature units TA and TB thermally coupled to 
each other. 
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Fig. 18 is a front view of the units I and II with their 
respective temperature units TA and TB thermally coupled to 
each other. Fig. 18a shows the same units I and II in a top 
view and Fig. 18b is a side view of the same units. In the 
region of the ports 131, 131'; 141, 141' of a cylinder 
cover 33 and also the ports 130, 130'; 140, 140' of a cyl- 
inder cover 33', the units are connected to each other via 
gas communication connections 300 and 400 respectively. 

Fig. 19 is an exploded view of a unit II of the temperature 
unit TB of a discretely adjusting mechanism of the rotary 
piston heat engine system of the invention, and Fig. 20 is 
an oblique top view of a unit I of a temperature unit TA of 
a discretely adjusting mechanism of the rotary piston heat 
engine system of the invention. 

The purpose of the exemplary embodiments of the invention 
explained above is merely to provide a better understanding 
of the teaching of the invention defined in the claims, 
which is not, as such, restricted to said exemplary embodi- 
ments . 



